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VIND-TUNNEL INVESTIGATION OF PERFORATED
. SPLIT FLAPS FOR USE AS DIVE BEAKES ON
"i RECTANGULAR NACA 23012 AIRFOIL

By Paul K. Purser and Thomas R, Turner
SUMMARY

Aercdynamic characteristice of a rectangular NACA
23012 airfoll with single and doudble perforated split flaps
have been determined in the NACA 7- bdr 10-foot wind tunnel.
A large range of flap spans and defiections and a large
rango of spanwise and chordwise locations of the flaps
were investigated. Dynamic presrure survoys were made be-
hind the wing at the epvroximate location of the tail, in
order to dotermine tho extont and location of the wako for
ezch flap srrangoceat. Tosts were also made with a full-
span plaln flap to determino tae effoct of the various
8pllt~-flap arrangcmants on alleror control.

The resultn indicatsd that oingle or double perforated
8pllt flaps may be usod to ovtain satinfactory dive con-
trol without undue buffcting effocts, and that valle lat-
eral control may be obtaincd with a »lain alleron. beliird
slngle oplit flanms, the alleron ig effectliwvecly vlankeoted
acd rondercd mseloss bchirzd doudbles a»lit “laps. Additional
tests are recommended to develop a satisfactory lateral-

control device for use with the perforated doudle split
rlaps.

INTRODUCTION

The NACA has undertaken an extensive investigatiorn
for the purpose of developiny devices suitadvle for limit-
ing the diving speeds of alrplanes. A4gs a part of this in-
vestlzatlon, a study has boen made of test results odtained
durinz the development of devicee deslgred primarily for
other purposes, such as hi_h lift or lateral control, dbut
which ma¥ aloo be used for dive control. The slot-llp ai-
leron combined with a full-span slotted flap ia one of
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these dusl-purpose devices and data for its use have Dsen
presented in referonce 1. A studr has also been made of &
large amount of uncorrelsted data on various airfoll-flap
combinations from tests previously made for the Bureau of
Aeronautics. Thie study indloated that perforated doudle
split Tlaps would give the desired characteristics for use
as dive-control devices, The present investization was
made to determino in more dotail tho aerodynamic charactor-
istices of varlous arrangoments of single and double split
flaps on a roctangular NACA 23012 airfoll, and to dotor-
rine the wake characteristics of theso devices 1n order
~that designers may more closely evaluate thelr effects on
tho performance of complete alrplanes.

APPARATUS AND TESTS
Hodql_

The airfoil nodel used (fig. 1) was of laminated ma-
hogary duilt to the NACA 23012 proflile. Tho nodel was
rectangular ir plan form with an aspect ratlo of 6.

(10-irn. chord and 0-in. spar). Tho perforated split flaps
were made of sheet steel and had & chord of 2 ixnchoas (20
percent of the alrfoll chord), The perforctions in tie
flaps wvere synnetrically spaced circular holes (see flep
detail, fig. 1) and removed 33.1 porcent of tho original
flop area. Ir order to fecilitate partial enan-*lap tosts,
ecocl flap was nade in ter equal sezments, cach sogmont lhav-
in, a spar of 20 percert of %tiac wing senlspan. Tho seog-
ments o2 each senlspan wore nunbored from 1 to 5 progros-
sivoly from tao planoc o? gramotry outboard to the wing tiv.
Split-flap dcflections worce nmocsurod with resmoct to.thoe
eirfoll surfaco at the flep hinge point, ~nd oxcept whoro
otherwise spoclficd the gap - -betwecon tho alrfoll and flap
was soaled with nmodelirg clay. The 20-percont chord plain
flap was oullt of laminatod mahogar and the gap botwoon
tho 2irfoll and flap was sealod with ceclluloso tape. Plaln-
flap dofloctions werc mengurod wita resncct to the =irfoil
.chord l1lirno,

¥icd Tunnel ﬁnd Equipnernt

The tcsts woro nadeo ir the closod-throat NACA 7- D
10-foot wird turnel duscrivod iz roforcerncos 2 arnd 3., Tac
wako survoys wore nmnde with o rake of eight-g-incﬁ pitot
tubes spaced 2 inches, The rake was adjustadlec so
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that dynamic pressure could be recorded at l-inch inter-

‘vals along a vertical line 27 incaes long which was located

30 inches (3.0c) Dbshind the quarter-chord point of the air-
foll and 5 inches (0.5c¢c) to the right of the plane of sym-
metry. Thls position was belleved to be representative of
the location of the hinge line and midpoint of the meml-
span of the horizontal tall surfaces of airplenes on wihlch
dive-control devices would be used. The ratio of the dr-
namlc pressureoe in the wake to thes dynamic pressures at the
same points with the modol romoved (support strut in placo)
wore dotormined from reoadings of an inclined-tube alcohol
menonoteor,

Fijure 2 ias a throo-qﬁartor rear viow of the model
mountod in tho wind tunnol.

Tests

Iest _conditiong.~' The dyramic pressure malntained for
all tests was 16.37 nounds per square foot, whlch corre-
sponds to a velocity of about 80 miles per iour uander
stardard sea-level conditioms and to an averagze test
?arnold§ aumber of 509,000 pased on the chord of the model

10 in.).

Iegt_proceduro.~ The tosts conslstcd of the determina-
tion of tho 1irt, drag, and pitching-momont coefficiente
and of the wako characteristics for various deflcctions
and locations of the flaps. Doublo split flaps were lo-
cated 60 and 80 percent of the chord from the alrfoll lead-
ing edge, and single split fleps (lower-surface) wers lo-
cated 10, 20, 30, 40, 60, and 80 pbrcent of the chord from
the airfoll leadin; oedge. In nddition, several tests woro
nade with the full-span 20~percent-chord plain flap de-
flected #20° to determine the effects of the various split=-
flap arrangemonts on alleron control. The forces end mo-
monts were dotermined ot intervals of 2° throughout the
anglo-~of-attack range from bolow zmero lift to abovo: -maxi=-
mum. 11Ft, Tho wako survoys wero nade nt intervals of 4°
throughout the samo range.

RESULTS AND DISCUSSION

In the presontation of results, the following syubols
aro useds - '



where

o

and

SfL

the subscrint

1irt,

drag coefficlent,

L
11f7¢ coofficien?,- E:E
D

Qo
pltching-moment coofflcient avout the

guartor-chord point of the airrfoll
“m _

chord,
gocS |

dynamle prossure ratio

1ift
drag

pltchinzg nomont

dynanlc pressure at noint 1in weke, i P v2

avorago dynanlec prossure for alr stroan,

4 p V2
alrfoll chord
flap chord
airfoll arec
airfoil span

flap spen

-angle oY attack

plaln-flap doflection

upper-suriace split-flap deflection
lower-surface split-flap doflection

Lg rofors to the characteristics at

ZOoro




L-tpt>

th

S8inco the suppart-strut interference and tares were

-relatlively small, tnese corrections were applied only to

the plain-alrfoll data. The stendard- Jet-boundary correc-
tions which were applied to0 all thé force-test data, are:

bay = 8 £ oy, 57.5°

"= 88
Aopl C

where C 1g the Jat crosp~sectional area. A value of

8 = 0,112 for the closed-throat wind tuanel was used in
corracting the results. It should be noted that, owing to
the various span-load distridbutlione of the airfoil with
the various split-flap arrangemsrts, these corroctions ars
not strictly anplicablﬂ to all of the data. No correctlion
for tunrel effoct has been applied to thc wake locatilo=m.
This correctior 1s small becmuse of the relatively small
nodel used.,

Doublc Split Flaps

Tho aorodyramic and walke characterlstics of a rectan-
sular HACA 23012 airfoil with double spllit Ilaps locatod
0.80c from the airfoll leadin, odge aro presented in iy~
urcs 3a to ?b. The aerodyroanic characteristics are pro-
sertod as curvos plotted agalnst 1ift cocfficlent; end the
wekc ciaaractoristics aro shown as curves of drramlc pros-
surc ratio, q/qo. plotted agalirnst distarco above ard bde-
low the oxternded chord lire of thec alrfoll.

Tho rosults preseztod in figures 4a a~d 4D show the
effoct of the ailrfoll tralllng odew and of the flap porfo-
ratiocs on full-span and partial-spar doudble asplit flaps.
Renovirg the airfoil trailing cdge from behird the full-
span. perforated flaps had practically zo effect on tho
walke or on the aorodynanic charactoristics at zero 1ift
but 41d sapprocladly incroase-the avalladle naxinun-~1ift
coefficlent, GCoverizng the perforations ir both full-span
and partlial-spar flaps increased theo drag cqofficlont but
causod an unstendy condition. of the model which was indi~
cated by the anplitude of the scalo doflootione, and wilch
was not ezcounterod with tho perforated flops. Perfora-
tiorne which renmovo ar aroa of about 30 percont of the origi-
inal area of full-span double spllit flaps reduce the iacre-
mnent of drag coefficlent nt zero lift by about 15 percent.
These data agree wlth the previous data montioned in the




Irtroduction. Botlh sets of data indlcate also that the in-
crenent of drag coofficlient caused by unperforated full-
span doudble spllit flaps at zero 1l1ft mar de reasozadly pre-—
dictod b the fornmula:

Acp = 0.0031 E**2°F

waere H, 1n percornt iing chord, 1s the total projected
frontal helght of the alrfoll and fiseps.

Various partial-span arrangements of the double split
flaps (figs. 5a through 7b) were tested in an attempt to
increase the total drag by utilizing induced drag, to irc-
crease the maximum-lift coefficient availadle for the pull-
out, and to lower the wake 1n order to keep the horizontal
tall surface out of the disturbed air flow. The drag and
maximum-1ift coefficlents were not appreciadlr affectod
but the wake cpa?acteriatica wore definltely lmproved.

-Sinco the aerodynamic characteristlics at and near
zoro lift were considered of particular interest to the de-
slgnor, tihe results from flgures 6a and 7a wore replotted
agalnst flap span in figure 8a. The partial-span conter-
sectlon flaps gave hi hor drag and aigher maximum-11rft co-.
efficlents than the tip-section flaps at the same angle of
attack and pitching-momont coefficient. The ilncroemeant of
drag coorfficlent was approximately proportional to the
flap spar. The conter-soction flaps naturally produced a
larger weke 1n the reglon of the tall surfacos than did
_the tip-scciion flaps. This offect con be seon ia Fizure
8b, which i1s a serios of onvelopos, from the angle of attack
for zoro 1ift to near the angle of attack for maximum 1ift,
of tho wake curves of figures 1lb, lec, 6b, ard 7b.

" The aorodynanic and wake characteristics of the rec-
tengular HACA 23012 airfoll with full-span and partiel-
spen perrorated doubdlo split flaps located 0.30c fronm tae
elrfoll leading edgeo are prosented in figures 9a and 9b.
Thoso results show thot moving the flaps forward incroased
tho drag coefficlent, due to the irncreased frontal projec-
tion, but that the availlabdle maximun-lift coefflclient was
codsidoradly reduced. Because of tho large reduction in
naxinunm 11ft with tho movement of the flap forward, no
further tosts wore made with axn uppor-surfaco flap forward
of the 0.80c location.
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Single Split Ilaﬁs

" The aerodrnamic and wake -¢haracteristics of a-rectan-
gular UACA 23012 alrfoil with lower-surface perforated
8plit flaps located at 0.10c, 0.20c, and 0.30c fron the

airfoll leading edge are presented ir flgures 10a to 13D,

The use of these flaps produced a 1arge change in the an-
Ele of attack for kero 1ifs.

An attenpt was nade to decrease the change 1n angle
of attack for zero 117t Dy introduclng a gap between the
airfoil surfaco and the flap (fiz. l4a). Tie presence of
the gop decreasecd tng angle-of-aottaeck change and had no
approclable effect on the other aarodynanlc cnaracteris-
tics. Orne test (fig. 14a) wita two-tairds of tho perfora-
tiors covered, produced the same rcsults previouslyr noted
iz the &iscussion.of the doudle split flapst: arn increaso
ir tho dreg coefficlont, dut also a dofizitely urstendr
condition of tho model. )

The rosults of the tests, vith a 0.10¢c zap detwoen

‘nirfoil surface oand flap, with the fiap located 0.40c,

0.60c, arnd 0.80c Ffronm the ~irfoll loadiny edge are glven
ir fl uros 15a to 1éd. Lioving tac Flap and little efrfect
orn the nungle of attaclk Tor zero 1lift, dut aos the flap wvos
noved back the maximum-1ift and ncbativa sitehlng-nonent
cocificlonts increased and tho drag cocfficloat at zero
1ift docrcascd.

Anothcr attenpt was nade to izprove the charactcris-
tlce of tho airfoll with tiae fled located at 0.40c with a
0.10c " gap bdr doflectirs tho trailing-edgo plain and upnor-
surface porforated split flaps (fige. 17a and 17b). Tae
use of olthor of those trailing-edze flaps chenged the an~
gleo of attack for zoro 1lift from a large nezetive valuo to
a snall positlivo volue and increased the drag coorficlient
slightlr. Tho trailirg-odge flap, howover, docroascd tlhe
naxlaun-1ift cooffliclont, incroasod tiae positive pitcalng-
nonont coofflclont, arnd ralsed tihe. wake so tlet 1t was
nearer tho location of tho tail surfacos. The advnntages
of tio s~sten could probablr bo roalizod without oncoun-
tering tho disrdvantagos by using partial-spen tip-soction
uppor-surfaco porforeted split flaps, or by up-rigging o

- Plaiz, plug~trpe, slot-lip, or upper-surfaoce ‘allpron.

Tho results of tcests of vurions'partialéspan-arradgn-

" ponts of the lowor-surfaco porforntod split flapd located

at 0.40c witk o 0.10c gap are presentod in figurcs 18a



through 20b. 8ince tho cheracteristice at and near zero
1ift were conslderocd of particular interest to the deo-
slgner, the rosults from figuree 192 and 202 wero roplot-
toed agalnst flap span in figurc 2la, and tho wako-curvo
onvelopoes are preseated in fil ure 21b., The single split
flap was sinllar to the doudble split flaps, ir that the
Ancrenent of drag coe’ficlent duo to the flaps was approx—
icatoly proportional to flap span and in tlat the tip-
soctlon flap gave nuch smaller wakea in tie roglon of tho
tall. Unliko the doublo split flaps, tho tip-sectioxz
singlo spllt flap gave slightly bettcr mserodrzanic charac-
teristics than did the center-noctlior Ilaps.

The results ilr Filguros 1l0a through 2la irdlcated tant
tho fornmule devcloped for the prodletlon of drag cocffl-
. cleats dus to the doubdble oplit *lanq vas =ot dlrocilr ap-
Plicable to tho singlo snlit flars. )

Diving Spood_

. The relationsiip between dra. coefficient, wing load-
lng, and indicated veloclty for an airplane in a Tertical
dive is .shovn in fi_ure 22. JFor otiaer diving argles, the
veloclty glven or the chart should be multinlied by the
gquare root of the sire of tihe dlving angle, referred to
the horlzontal., Fron thls chart and the data ia figures
3a through 2la, it nmar be showa that the use of full-span
porforated double split flaps would probadl;r 1imit to 200
Bllos per hour the indlicated dlving speed of cn alrplane
.with o ving loading of 35 pounds pcr square foot, and llin-
it to 250 milos per hour the dlving spocd of an airplane
with a wing loadine of 55 pounda per square foot. Corre-
spondina values obtalned with tho use of perforated single
. 8plit flaps are: 200 milos por hour for a wing loadlng of
30 pounds per squaro foot, and 250 niles por hour for & :
wing 1oadinb of 45 pounds por squaroc foot.

.Allcron Control

"Tests vere nodo to dotcrmiro tae \’foct of tho nor-
foratod doudlo split flaps on tio latoral control a7allable
from a »lain ailerorn br deflecting a full-aspan plair flap
bohind tho doublo split flans. The rogults of thoec tests
whon comparod with tiao results of tosts of tho plaian flap
.on tho plaln 2irfoll indicoted thet tho double split flaps
would offectivolr dlarkot a plzain alloros nnrd ronder 1t
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usologs for obtalning latoral control. (Seco figs. 23, 24,

.ard 25.) One interesting possibility for odtaining lat-

eral cortrol for s wing equipped with--douwble- split. flaps
is suggested by the results (fig. 3a) of tests made with .
differential deflections of the two flaps. If the out-
board portions of the double aplit Flaps were nounted on
the regular ailerons, the regular alleron svston would
provide laterzl control., The.lower-surface’ £lap could be
defloected to a higher angle than the upper-surface flap
in order to obtaln an upfloating téadeney whiech, when usod
wit: a difforontial ailloron linkage. would terd to reoduce
the high uiloron-oporating forces taat night othorwiao be.
encountorod.

Tho rosults prosentod ih figuros 23, 26a, and 27 irc-
dlcate tihnt o porforsted lowor-surfaco flap with a 0.10c
gap betwoen the nirfoll surface and the flap has little
or no detrimental cffect on the lptoral cortrol to bo oo-
tainod fron a »Hlain nileroa.

COICLUDING RELARKS

Tho dntn presontoéd indiecnto that Joudle or singlo
s»lit flaps nay be used to provlile satlafactorry &lve con-
trol wltlout undue duiffeting coffccte 1f thec Zlnad area 1s
reducod andout 30 nsrcent dr perforatiorns.

Walle tho lateral control avTailadle from o Hlain
nlleron aploarel to be practicnally urnaffocted D a2 perfo-
ranted lovor-surface s»lit flap with a gan betwoorn the alr-
foll suriace aad flap, thc allororn was offcetlively Hlark-
oted end rondorod usoless vhorn bcaland the perforated dou-~
ble s31lit flaps. Aiditiornsl tests are rocorroanded to do-
velop a latoral control devico for usc with the perforatod
dnublo s31it flapse,

Longloy llenarial Aoroznutical Lnborntory,
lTational Advisorv Oon_ittea for Aoronnutics, °
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Figure 25.- Effect of a 0.20c full-span trajling-edge plain flap on the
aerodynamic characteristics of a 10- by 60-inch rectangular
NACA 23012 airfoil with 0.20c¢ full-span perforated double split
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Figure 26a.- Effect of a 0.20c full-span trailing-edge plain flap on the
aerodynamic characteristics of a 10- by 60-inch rectangular
NACA 23012 airfoil with a 0.20c full-span perforated single split
flap locat®d 0.60c from the airfoil leading edge. Gap between
airfoil surface and split flap, 0.10c; afL’ 900,
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Figure 37.~ Effect of 0.30c fill-gpam traili plain and upper-surface parfarated split flaps on the

agredymsmie olmracteristics of a 10-by 80-inch rectamgular NACA 23012 airfoil with a O.30¢c
full-span perfesated lewer-surface split flap lecsted 0.40c_from the airfedl leading edge. Gap
betweesn airfoil surface and lower-surface split nlp,o.IOe;GgL,W.
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